A B S T R A C T The hypocholesterolemic effect of the hydrophobic surfactant, poloxalene 2930, was studied in the rabbit to determine whether this agent prevents experimentally produced atherosclerosis. Male rabbits were divided into four groups and fed a control diet (group A) or an atherogenic diet (groups B, C, and D) for 10 wk. Diets of groups C and D were supplemented with 0.5 and 1% poloxalene 2930, respectively. Animals in group B developed significantly greater levels of cholesterol in the serum and aorta compared with group A. Addition of poloxalene 2930 to the diets of groups C and D prevented significant elevations in cholesterol concentrations of both serum and aorta compared with group B with values for group D being essentially similar to those observed in group A. Groups C and D also had significant increases of fecal excretion of both neutral fat and neutral steroids as compared with either groups A or B. There were no atherosclerotic lesions of the aortas from group D. Aortas from rabbits in group B had numerous atheromatous plaques while one rabbit each from groups A and C had several very small atheromatous lesions. These results demonstrate that poloxalene 2930 reduces the rise of serum cholesterol in rabbits in response to an atherogenic diet and prevents the development of atherosclerosis. This hypocholesterolemic effect is likely mediated by the effect of this surfactant on the small intestine.
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INTRODUCTION
Hydrophobic poloxalenes composed of 90% polypropylene oxide, as the hydrophobic component, and 10% polyethylene oxide, as the hydrophilic component, have been shown to inhibit lipid absorption in the rat (1) and the swine (2) . The effect of this agent was observed to be on the intracellular process of chylomicron formation or secretion causing absorbed lipid to accumulate in the enterocytes (2, 3) . In both the rat (1) and the swine (2) this action on the small intestine was associated with a reduction of serum cholesterol levels. Such an agent might have potential use for treatment of various hyperlipidemic conditions if it were shown to be free of serious toxic effects.
A somewhat similar poloxalene to that previously studied has been in use in veterinary medicine for the past decade. This surfactant, poloxalene 2930 (Bloatguard, Smith, Kline, and French Laboratories, Philadelphia, PA) has been marketed as a feed additive to prevent gastric bloating in cattle. Prior toxicology studies plus the experience with this surfactant in veterinary medicine indicate poloxalene 2930 is well tolerated in animals. This agent has a 30% hydrophilic (polyethylene oxide) content. As the toxicity of poloxalenes is believed to be related to their hydrophobic content, it might be expected that poloxalene 2930 would be better tolerated than the more hydrophobic poloxalenes previously studied (1-3).
We have recently tested poloxalene 2930 in the rat and have observed it to have an effect on the small bowel similar to that demonstrated with the more hydrophobic poloxalenes. As poloxalene 2930 is known to be well tolerated, we were interested in studying
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METHODS
Male New Zealand White rabbits weighing 1.6-2.0 kg were divided into four groups. Group A (n = 5) was fed ground regular chow that contains essentially no cholesterol and is low in fat content (2% by weight). Group B (n = 8) was fed an atherogenic diet prepared from regular ground chow by the addition of cholesterol (0.5% wt/wt) and peanut oil (3% wt/wt). Group C (n = 7) and group D (n = 8) received the atherogenic diet supplemented with poloxalene 2930, 0.5 and 1% (wt/wt), respectively. Poloxalene 2930 was provided by Menley and James Laboratories, Philadelphia, PA. During 10 wk of dietary treatment animals were individually housed and received 150 g of chow daily. Food intake was continuously monitored and changes in body weight were recorded at weekly intervals. Feces were collected over a 3-d period for analyses during the final week of the study.
At termination of the experiment animals were fasted 18 h and were exsanguinated by a puncture of the abdominal aorta while under ketamine (25 mg/kg)-xylazine (2 mg/kg) anesthesia. The aorta was removed, opened longitudinally, and weighed. Macroscopic inspection of the intima was done to record and measure atheromatous plaques. The aorta was then longitudinally cut into two equal parts. One part was taken for morphologic studies using standard techniques for light microscopy and the other portion used for chemical determination of cholesterol content. As part of the light microscopic studies, atherosclerotic lesions of the aorta were quantified as intimal proliferation in the aortic arch, the thoracic, and the abdominal aorta. The thickness of these lesions was measured and expressed as a ratio of the thickness of the entire wall. The portion of the aorta used for chemical analysis was extracted for lipid (4) and the cholesterol in the extract was determined (5) .
Fecal samples were dried and weighed. An aliquot was extracted for lipid (6) and the fatty acid content of the lipid phase determined (7) . Content of cholesterol and the bacterial metabolites of cholesterol (neutral steroids) (8) and protein nitrogen (9) (11) . This method of statistical analysis allows the mean for each group to be compared to the mean for every other group to determine whether significant differences exist.
RESULTS
Food intake in all groups was comparable and averaged 138 g/d. Weight gain was the greatest for group B animals that were on the high fat diet but the difference of weight gain between this group and group A was not statistically significant (1.22±0.33 kg vs. 0.91±0.35 kg, P < 0.05). Weight gains for group C (0.83±0.34 kg) and for group D (0.82±0.21 kg) were fairly comparable to that observed for group A but were significantly less than that for group B (P < 0.05 for each comparison).
The data on fecal neutral fat and neutral steroid excretion are presented in Table I . Expressed as a percentage of dietary fat intake, the amount of neutral fat excreted by animals in group B was comparable to that from group A, while the animals in groups C and D excreted two times and four times as much neutral fat, respectively. Similarly, the animals in groups C and D had significantly increased excretion of neutral steroids compared with either group A or B. The animals in group D excreted essentially 100% of the dietary cholesterol intake ( Table I ). The fecal protein content was comparable in all groups and ranged from 1.04-1.35 g/d.
The results of the cholesterol analysis of serum and aorta are presented in Table II . Cholesterol concentrations of each of the lipoprotein fractions from group B were significantly increased compared with group A. The levels of VLDL and LDL cholesterol in group C were significantly less than those of group B, but still greater than in group A. Cholesterol levels from all three of the lipoprotein fractions from group D were basically indistinguishable from those of group A.
Aorta total cholesterol concentrations expressed as milligrams per gram tissue were similar in groups A, C, and D, but significantly increased in group B (Table II) .
All rabbits in group B demonstrated macroscopic atherosclerosis (Fig. 1) , with the greatest changes observed to be in the aortic arch and the least changes in the thoracic aorta. The thickness of the atherosclerotic plaques in the arch as demonstrated by light microscopy contributed up to 50% of the aortic wall thickness. On the contrary, only one rabbit in the A and C groups had minimal atherosclerosis in the arch area. No atherosclerotic lesions were observed in group D (Fig. 1) .
DISCUSSION
Prior studies on hydrophobic surfactants indicate that they have a selective action on the enterocytes inhib- iting secretion of chylomicrons into intestinal lymph while secretion of very low density sized lipoproteins into lymph continues to be observed (12) . The onset of action of these agents (12) and the reversal of their effect on secretion of chylomicrons (13) (2, 14) . The specific and unique effect of hydrophobic surfactants results in increased fecal losses of neutral fat and cholesterol as shown by the present experiments and prior studies (3). Treatment of rabbits exposed to an atherogenic diet with poloxalene 2930 was associated with lower cholesterol levels in circulating VLDL and LDL compared with values observed for rabbits on the atherogenic diet without surfactant. Indeed VLDL and LDL cholesterol levels were grossly elevated in group B rabbits Based on the data for fecal fat excretion it would appear that the effect of poloxalene 2930 on serum cholesterol levels and the prevention of atherosclerosis was mediated by the effects of this surfactant on the function of the small intestine. Thus, rabbits in group D absorb daily about the same amount of neutral fat as group A (52% of 7.5 g vs. 90% of 3 g). The net amounts of absorbed cholesterol in these two groups as determined from the food intake and fecal neutral steroid output data was also similar.
Whether the effects of poloxalene 2930 on fecal lipid excretion is the only explanation for the observed pro-tection against the development of atherosclerosis observed in rabbits of groups C and D await subsequent investigations. Results of group C suggest, however, that there may be other effects of poloxalene 2930. Total serum cholesterol levels were three times greater in group C than those observed for group D and yet the concentrations of cholesterol in the wall of the aortas were nearly identical in these two groups. It is possible, therefore that poloxalene 2930 may also affect the distribution of cholesterol between the serum compartment and the peripheral tissues. Also, if poloxalene 2930 itself is absorbed into the body, it may have a more systemic pharmacologic effect on cholesterol transport. Investigations using "C-labeled poloxalene 2930 are now in progress in our laboratory to determine whether any of this agent is indeed absorbed.
Despite the fact that the mechanism of action of poloxalene 2930 on cholesterol transport and metabolism is not completely known at this time, it is obvious from these studies that this surfactant has a profound effect on lipid absorption and can completely prevent experimentally induced atherosclerosis. Also no obvious toxic effects of this agent was observed during this study except that rabbits on the surfactant gained less weight than those on the atherogenic diet without surfactant (group B). This was at least partially the result of excessive fecal losses of dietary fat produced by poloxalene 2930. As this study was done with a single species and a relatively limited number of rabbits, it is possible that subtle toxic side effects of poloxalene 2930 were overlooked that might have been more obvious if larger numbers of animals or different species were used.
